turn activated NLRP3 inflammasome in rodent Müller glia; and extracellular ATP could also activate the P2X7 receptors and NLRP3 inflammasome in macrophages (see discussion in Puyang et al., 2016) .
Recent evidences supported that microglial cells are activated in response to glaucomatous insult or optic nerve injury (Bosco et al., 2011 (Bosco et al., , 2012 Chi et al., 2014; Puyang et al., 2016) . Microglial cells labeled by CX3CR1-GFP transgene (green fluorescent protein driven by the promoter of C-X3-C motif chemokine receptor 1 which is highly expressed in microglial cells) was examined in both optic nerve crush model and acute ocular hypertension model (Liu et al., 2012) . Liu et al. (2012) showed that microgliosis went up in the first week following the optic nerve insult or acute intraocular pressure (IOP) elevation and then dropped to baseline by the end of the fourth week. Another study on DBA/2 mice, a mouse model for spontaneous secondary glaucoma, showed that the microglia activation peaked by 3 months comparing to age-matched healthy controls (Bosco et al., 2011) . Our recent study demonstrated that NLRP3 was up-regulated in microglial cells upon partial optic nerve crush injury and the activation of NLRP3 propagated from the injury site to the entire retina within 1 day (Puyang et al., 2016) .
NLRP3 inflammasome consists of NLRP3, the scaffold protein ASC (apoptosis associated speck-like protein), and proinflammatory pro-caspase-1. Once the NLRP3 inflammasome is activated, pro-caspase-1 is auto-cleaved to become mature caspase-1. Caspase-1 then cleaves proinflammatory cytokines such as pro-interleukine (IL)-1β to mature IL-1β (Schroder and Tschopp, 2010; Soto and Howell, 2014) . We showed that both caspase-1 and IL-1β were up-regulated following the optic nerve crush injury in wildtype retina, and their activation was reduced in the NLRP3 knockout mice (Figure 2 in Puyang et al., 2016) . Our study is consistent with an early finding that pharmacological inhibition of caspase-1 reduced the expression of IL-1β to baseline level following acute IOP elevation (Chi et al., 2014) . Chi et al. (2014) colleagues also showed that inhibition to caspase-8 further decreased IL-1β level to below baseline; and knocking out TLR4 reduced the RGC damage and inhibited the hyperactivity of caspase-8 signaling, suggesting that IL-1β can be activated via both NLRP3-caspase-1-dependent and -independent pathways. It is likely that TLRs and NLRPs interact with each other to up-regulate the maturation of inflammatory cytokines (Schroder and Tschopp, 2010; Soto and Howell, 2014) . Together these studies support that NLRP3 inflammasome can be activated upon the optic nerve crush injury or glaucomatous insult which may lead to subsequent neurodegeneration.
In vivo imaging to monitor RGC survival following optic nerve injury: Recent studies on morphological and functional degeneration of RGCs suggested that different types of RGCs exhibit different susceptibility to the glaucomatous insult (Puyang et al., 2015) . For example, RGC dendritic structure examined by confocal imaging in fixed tissues exhibited type-dependent degeneration in different models of experimental glaucoma (reviewed by Puyang et al., 2015) . Leung and his colleagues applied a blue-light confocal scanning laser ophthalmoscope (bCSLO) to track RGC survival in vivo using the Thy-1-YFP-16 mice, in which yellow fluorescent protein driven by the Thy-1 promoter was expressed www.nrronline.org in RGC and/or amacrine cells (Puyang et al., 2016; Leung et al., 2011) . Their results suggested that RGC survival rate varied in different types, ranging from 50% to 100% at 2 weeks and 20% to 80% at 4 weeks post optic nerve crush (Leung et al., 2011) . Using a fluorescent fundus Micron III system, we imaged RGCs and their axons of Thy-1-YFP-H mice following the optic nerve crush injury (Puyang et al., 2016) . We showed that the overall RGC survival rate decreased from 53% at 1 week, to 30% at 2 weeks and 13% at 4 weeks post injury (Puyang et al., 2016) . These in vivo imaging systems eliminated the sampling variations from mouse to mouse, a common concern in RGC quantification with fixed tissue. Furthermore, we showed that RGC and axon loss was delayed in NLRP3 knockout mice for about 1 week, supporting a negative role of activation of NLRP3 inflammasome in RGC survival (Puyang et al., 2016) .
In vivo imaging also offers the opportunity to address the subtype-or location-dependent RGC survival and the dendritic remodeling of individual cells post injury. Leung's studies demonstrated that RGCs with larger dendritic field size and more distal site tended to exhibit less susceptibility to the insult (Leung et al., 2011) . We examined the number of RGC axons following optic nerve crush injury and found no significant difference between central and peripheral areas of the retina, though we cannot rule out the possibility that certain RGC types resided in a particular area are less resistance to the insult than others (Puyang et al., 2016) . One encouraging future direction would be to use transgenic mouse lines with specific RGC subtypes labeled to study RGC subtype loss at a fine granularity following optic nerve injury or glaucomatous insult.
NLRP3 inflammasome in eye diseases:
Not until recent decade the inflammasomes were found associated with different eye diseases, yet studies suggested a controversial role of NLRP3 inflammasome in different mouse disease models (Celkova et al., 2015) . Activation of the NLRP3 inflammasome led to maturation of interleukins, which have been documented in patients with eye diseases (Celkova et al., 2015) . In rodent model for dry-age-related macular degeneration (AMD), in which geographic atrophy (GA) was developed with no obvious bleeding, blocking NLRP3 or downstream IL-18 and IL-1β reduced the degeneration, suggesting a destructive role of NLRP3 inflammasome (Celkova et al., 2015) . On the other hand, NLRP3 inflammasome was shown to have a protective role in wet/neovascular AMD, where abnormally growing blood vessels (choroidal neovascularization) cause hemorrhage between the retinal pigment epithelium and the foveal photoreceptors. Activation of NLRP3 inflammasome up-regulated IL-18, which in turn down-regulated the synthesis of vascular endothelial growth factor (VEGF) to provide protection in a mouse model of wet-AMD; and ablation of NLRP3 induced more severe neovascularization and subretinal hemorrhaging (Celkova et al., 2015) .
In DBA/2 mice, an early microglial activation was found to peak before the progression of the disease (Bosco et al., 2011 (Bosco et al., , 2012 . Another study characterized the reactions of retinal astrocytes in response to the optic nerve insult, suggesting that dynamic changes of astrocytes organization also contributed to the onset and progression of RGC degeneration (Formichella et al., 2014) . These studies suggested that neuroinflammatory responses were initiated at the early stages of experimental glaucoma, which may lead to subsequent RGC degeneration and death. Future work is needed to characterize the NLRP3 inflammasome-mediated neuroinflammatory pathways in RGC death in glaucoma.
Conclusions:
Combined with mouse transgenic lines with RGCs labeled by fluorescent proteins, the in vivo imaging provides an excellent model system to monitor RGC survival. Using this model system, we have demonstrated that the RGC survival was extended in NLRP3 knockout mice post optic nerve crush injury. Our study added solid evidence that NLRP3 inflammasome acts as a sensor to detect the optic nerve injury and then amplify the damage signal in the entire retina, leading to subsequent RGC loss. It provides opportunities for developing drugs targeting the NLRP3 inflammasome to better preserve vision of patients with optic neuropathy.
